U.S. Application Serial no. 10/584,222 
Reply to Official Action of October 2, 2007 

REMARKS/ARGUMENTS 

Claims 6-13 are active. 

Support for the claims is found in original Claims 1-5, pages 2-4 and 7-10 of the 
specification as originally filed. 

No new matter is believed to have been added by the submission. 

The objection to claim 5 is no longer applicable. 

The rejection to claims 1-5 under 35 USC 1 12, second paragraph is no longer 
applicable. Further, there is nothing indefinite about the phrasing used in the present claims: 
"A is a C i_8 alkylene or a Ci. 8 alkylene substituted with a hydroxyl group." 

The rejection of Claim 5 under 35 USC 112, first paragraph is no longer applicable. 
The claims presented herein define treating neutrophilia or COPD with the term "preventing" 
deleted. 

The rejection of Claims 1-5 under 35 USC 102(b) in view of the Egi patent (US '758) 
is no longer applicable as those claims have been cancelled. Further, Egi teaches 
angiogenesis activities but neither describes or suggests treating neutrophilia or COPD as is 
claimed. 

Withdrawal of the rejection is requested. 

The rejection of Claims 1-5 under 35 USC 102(b) in view of the Tanikawa patent (US 
'883) is no longer applicable as those claims have been cancelled. Further, Tanikawa teaches 
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antithrombotic, cadiotonic, vasodilation, and anti-SRS-A activities but neither describes or 
suggests treating neutrophilia or COPD as is claimed. 

For the same reasons, the claims of Tanikawa do not render the present claims 
obvious as cited in the obviousness-type double patenting rejection. 

Withdrawal of the rejections is requested. 

The rejection of Claims 1-5 under 35 USC 103(a) citing the Doherty patent (US '346) 
is no longer applicable as Claims 1-5 have been cancelled. While Doherty does discuss 
phosphodiesterase (PDE) inhibitors, the treatment of neutrophilia or COPD as is claimed 
would not have been obvious because as is explained below different type PDE's have vastly 
different effects with little, if any, expectation as to how one inhibitor for a particular type of 
PDE will respond to another type PDE. 

Doherty et al disclose a compound recited in Claim 1 that is a type V 
phosphodiesterase (PDE) inhibitor and in the cited col. 3, Doherty describes that PDE 
inhibitors are effective in treating a variety of disorders, including obstructive lung disease. 

Doherty et al primarily is concerned with inhibitors of type V PDEs, among various 
PDE subtypes (note Doherty's discussion of the subtypes in col. 3, lines 1 1-20). Doherty's 
inhibitors are particularly effective in treating erectile dysfunction. 

Although Doherty et al refer "Goodman and Gilman's The Pharmacological Basis of 
Therapeutic Ninth Edition, Chapter 34" in column 3, lines 6-7, for a variety of therapeutic 
uses of PDE inhibitors, Chapter 34 of the Goodman merely relates to relation between PDEs 
and heart diseases and doesn't provide any substantive information for the treatment of 
neutrophilia or COPD with 3(2H)-pyridazinone compound represented by the formula (I) as 
is claimed. 
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When the present application was filed, one of the claimed compounds had already 
been reported to inhibit PDE3 and PDE5, and its IC50 values against PDE3 and PDE5 (0.04 
|im and 0.07 |iM, respectively) reported in Ikegawa et al ((P 3 -l 12), The Japanese Journal of 
Pharmacology vol. 67, Supplement 1(1995) (copy attached)) indicate that the compound 
inhibits mainly PDE3 and but also PDE5. Further, a detailed report on their selectivity shows 
that the PDE3 inhibitory activity of the compound accounts for most of its PDE inhibitory 
activity (see Ishiwata et al, Life Sciences 81 (2007) 970-978 (copy attached)). 

In contrast, it is PDE4 inhibitors that has been expected to be effective in treatment of 
COPD at the time the present application was filed. See "Within the airways, PDE4 appears 
to be the most important isoenzymes because of its distribution in airway smooth muscle and 
inflammatory cells" on page 100, the right column, lines 25-27 in Clinical and Experimental 
Allergy, 1999 Volume 29, Supplement 2, pages 99-109 (copy attached). 

Therefore, the claimed 3(2H)-pyridazinone compound represented by the formula (I) 
would not have been expected to be effective in treatment of COPD because it is not a PDE4 
inhibitor, as discussed above. 

When the present application was filed, no definite conclusion has been made on 
whether PDE5 inhibition is effective in treatment of COPD. For example, Clinical and 
Experimental Allergy at pages 104 left column, the 4th to 10th lines from the bottom 
describes that "while clinical trials which were performed with the PDE5 selective inhibitor 
zaprinast showed that oral administration of the compound reduced exercise-induced 
bronchoconstrictiori in adult asthmatics. Surprisingly, in the same studies the drug had no 
effect on histamine-induced bronchoconstriction in the same subjects, nor did it affects 
exercise-induced bronchoconstriction in children." Thus, it could not have been common 
knowledge in this technical field that PDE5 inhibitors are effective in treatment of COPD. 
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As far as the applicants are aware, no prior art references suggest therapeutic effect of 
PDE3 inhibitors on COPD. Indeed, Clinical and Experimental Allergy, page 104, the left 
column, lines 36-37 describes that selective PDE3 inhibitors such as milrinone) "appeared 
unlikely to be benefit in the therapy of obstructive lung diseases" on page 104, the left 
column, lines 36-37. 

Therefore, while there is a suggestion that PDE inhibitors of general type MAY be 
used to treat chronic obstructive lung disease, there was no per se information that lead one to 
expect that the claimed page 104, the left column, lines 36-37 would be effective in treating 
neutrophilia or COPD given the peculiarities of the different classes of PDEs, PDE inhibitors 
and that the art shows a pattern that inhibition of one class for certain disorders provides no 
reasonable expectation of how that inhibitor will effect other PDE types or disorders 
correlating with that type. 

Withdrawal of the rejection is requested. 

A Notice of Allowance is also requested. 



Respectfully submitted, 
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Ameliorative effects of vesodJletlve 
prostaglandins against tttrombue-lndnced 
circulatory disorder 1a rat femoral artery* Kiimflli 
Yamanit ft. Tmhiriri AUra.TikctU MUde, Mitahim 

Wetanahe and Vnsrmi KagjlAfll ConAl Research 
Laboratory, Onsen Cross Conporanoo, Osaka 573, Japan. 

Thii study was designed to evaluato (be effects of PGBi 
. and PGIa oo erterisi thrombus-induced reduction Id the 
blood flow in mi bind paw. Severe or moderate ischemia 
was respectively applied to ret hind pew by throrahus- 
formsxion in the common or superficial fo moral artery, 
which were Initialed by endothelial insult through the. , 
combined inadinnoo of ao light with rote bengal injection. ' 
After trombus tonnadon, the regional blood flow in hind 
pew decreased end Upo-FOEi or caibacycun (stable PGb 
derivative) was intravenously injected at the doses of 0.3- 
10 M£/kg. In (be severe model, both drugs had no effect on 
critically decreased regional blood now hi thrombus* 
oooluded side, although in unoceluded aide, they 
significantly Increased the blood flo w. In the. moderate, 
mode J, cumulative application of lipo-PGBi significantly 
restored the decreased blood flow to normal lo occluded 



side in dose dependent manner. Caibecyelln Inclined to 
improve the decreased blood flow with teas potency than 
that of Iipo-PGEi, although there was no significant 
difference in thraiibus-fofmidon in between the arteries 
applied both drugs. Thus, lipo-PGBt may be expected to 
ameliorate Insufficient peripheral circulation more 
effectively loan the PGL2«*a*JOg. 
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Ubcrwones-t, Mnaaa Hsasarch IraO***, One Pharmaceutical 
. Ce^lM, amareorn.Mtonima.Otikaaia, Japan. 



mbn«tfa Rt4hyen»S4n>2^{B-f>eyndyn^^ imbo. 
a*yr*ftrfM<nepntyiexy1 tc** add (0*0-1*01) pouttSng a 
potent totfehory actrvfcy aeeiAst evombewa fTX) tynmase. 
ONO-1301 hrtfeaad twi blndtan <* (3HHow for numan 
pdM^mmtMm (tCSO-CMft nM) and WrwiMd SyeDo AMP 
lever in rume* puietauv ONO-iaoi else inhfeltad human 
ptataiet TX lymhaee aeiMty (icao-o.0» uM). Tna plaieWt 
' i *i wam Mil put** «lcn plasma (PRP) oOtmJrwd 



from human, monhoy. coo, nu. and rabtst wars lnMMedbyf>e> 
1301 0C5OWLiei.27.7 yOfl, To oompaia tw fcNbaay aeSvtfaa 
of tW* compound en fsattbt aggraoanon and TX ayntnasA, •* 
paHbrmad or rtto aiudV la diamine 1) ATJp-jnduaed outafau 
sonrsuatien «mh ra| P*P and Z) erochidonlo ade^neuoad TX 
uoevaoan In rat whota Mood 0ml administration et ON&ism 
Wx*ad ^^■ggrtoiaVwandTxiywSwaaae^lnadb^ 
eeeendent manner, and bom WUOftory thou of ONO-1301 
warn oomdearasy oOoerved at tie doaa of mote twn 10 mortqp. 
Funnamw* oral adramlstrallo* af ONO-1S0T (fcaOma/fcf) 
jaduced eyttamfe bleed praam** In eanfloteue rata. intia- 
duodenal aemirfevesoii ol ONOiani (fciOmpAO) her eased tw 
■Jem Ofoed new of hmd limb m eneatnaUxsd rata. Oral 
•drnw^raeon of 0"O-lMi (t OmeAa sabs e day) i 
(he progression el'Hasue nea/oeti m me 
panpnaral dreutaton/ eUaaaa kt rats. Thaa* t 
tut ONOoam ai a rwal BTeenuacSn mbneae m 

aotlnti TX ayra n asa and may be e uaaaji «ow« far a 
ef ptipnaral eKeuiaiory msuntctaneiaa and einar 
... — i | flfl — 




Effect of ofoaincydin on splenic diameter. and 
blood pooling in dogs. Kajgohiko Noauchi . Yoshihito 
OJirt*, Toshihiro h^ittJaTTunB NaTcMOne, Miyofco 
lfe a *and Many Safcwahi . PcpHrcncTs:of HiamucWogy^ 
School of Medicine and "Laboratories of Physiology k 
Pharmacology and **Comm unity Health Nuramg. School 
of Health Sciences, Paculcy of Medicine, University of the 
Ryukyus, Okinawa 903-01, J 



Effect Of iiura-oitcriftl (l-t.) sdministrsiion of prostacyclin 
(POIj) on splenic dUmeter (SpD) and.snerial and venous 
blood. ceil counts was evalusied In aoesTbetized doss. The 
main splenic artery and vain warn dissected for rneasurement 
of splenic arterial blood flow (SpF) and La adminiitnuion, 
and for sampling of splenio vtoous blood, respectively. 
SpD was continuously measured by aooonuemmetry. 
Counts or white blood cell (WBC). red blood cell (RBO 
and platelet (Pit) in blood sampling from the aorta and 
splenic vein were estimated by an automatic blood cell 
counter. Bolus Injections of POI, (M00 ag/kgi La.) 
produced doacndependent incteases in SpF and SpD 
sasocieted with significant decreases in spkaic venous 
ocaeentrations of WBC, RfiC and Ml Similar changes in 
SpD and blood odl counts were also observed under a 
constant SpF. Infusion of PGI,(100 ngflctfmin, La.) caused 
a marked iocrcasc in SpD with Immediate reductions in 
venous concavUrations of WBCRBC And Pti foilowed by , 
signi (leant reductions- in those in arterial blood, These 
results indicate that POIj produces potent and flow- 
independent splenic dilation that may contribule lo a 
decrease in circulating blood cell concentration. 



P*-112 Phaxmaceloglcal profiles of NM*102, a 
novel multiple Inhibitor of -cyellc«oacleettde 
pheephodlestcrases end thromheaesie Ai synthase 

Kl ^rimA<^ ghtido^ and Morifumi ^^amura Central 
Research Labonuories. Green Cross Corporation. Osaka 
573 and 'Research Station of Biological Science. Nissan 
Chemical Ind.. Ud. Soitamn 349-01 Japan. 

NM-702. 4*Brorr»o-5-(.Vp'vridylriKthylftmino)^.(3-<4* 
. chlorophenyl)propoxyl ^<2H)pyrida2inone. is a novel 
anriptaelei agent. In this ltudy. phormacologica] profiles 
of NM-702 evaluated in vino and were compared wilh 
i hose of cilosmzol. a cycllc-nijckoiide phosphodiesterase 
. (PDE) type UUcAMP-inhibited PDE) speefne inhibitor.' 
The inhibitory eftixrz of NM-702 against human platelet 
aggregation Induced by varlout agonists were 100-500 
times stranger man those of citostuol. NM-702 Inhibited 
ooi only POEtype III but also type V(cG MP-ipecific PDE) 
which am both richly distributed In platelets, with the IC50 
values of 0.04 and 0.07 uM, respecrively. . In human 
platelets. NM-702 Inocascd both cAMP* and cCMP-leveli 
In n concentrarlon^dependenc manner tlO* 9 -IO^ M). 
whereas, cilostazol did not increase the cGMP-level. 
Interestingly,. NM-702 caused a potent inhibition of 
thromboxane AatTXAi) synthase (IC50; 6.7 nM): In 
' conclusion, die multiple inhibitory action of above enzymes 
might contribule to the potent antiplatelet action of NM-702. 



P: 



'I 



c 
U 



08-03-1 7; 11 :35 ; Ulfcfli (ft) HKBiS 



T. S. INTERNATIONAL ;0 3 3 2 9 6 83 3 2 



# 6/2 5 



S Available online at www.scfonc6dltdct.com 
ScienceDlYect Life Sciences 

ELSEVIER Lift Sciences 81 (2007) 970-978 ' 

www.elBCvicr.c«n^oc«le/lifwcie 

NT-702 (parogrelil hydrochloride, NM-702), a novel and potent 
phosphodiesterase inhibitor, improves reduced walking distance 
and lowered hindlimb plantar surface temperature in a 
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Abitract 

NT-702 (parogrelil hydrochloride, NM-702), 4-bromo-6-p^hloit>phcnyl)propoxy]-5-[(pyridinJ 
hydrochloride, & novel phosphodiesterase (PDB) inhibitor synthesized as a potent vasodilstory and antiplatelet agent, is being developed for the 
treatment of intermilient claudication (IQ in patients with peripheral arterial disease. Wo assessed the efficacy ofNT-702 in an experimental 1C model 
as compared with ciloatazol and additionally investigated the pharmacological property in vitro and ex vivo. NT-702 selectively inhibited PDE3 
(IC 30 -0.179 and 0.260 nM for PDE3A and 3B) more potently than cilostazol (ICjo-231 and 237 nM for PDE3A and 3B) among recombinant 
human PDB1 to PDE6. NT-702 inhibited in vitro human platelet aggregation induced by various agonists (IC, 0 = 1 1 to 67 nM) and phenylephrine- 
iaduced mt aortic contra^ to 17fiMand 1,0 uM, respectively. NT-702 (3 mg/kg or 

more) significantly inhibited ex vivo rat platelet aggregation after a single oral dose. For cilostazol, 300 mg/kg was effective. In a rat femoral artery 
ligation model, NT-702 at 5 and 10 mg/kg repeated oral doses twice a day (BID) for 13 days significantly improved the reduced walking distance 
while the lowered plantar hut&cc temperature was improved at 2.5 mg/kg and moro. Cilostazol also improved the walking distance and surface 
temperature at 300 mg/kg BID but significant difference was only observed for surface temperature on day 8. These results suggest that NT-702 can 
be expected to have therapeutic advantage for IC. 
O 2007 Elscvior Inc. All rights reserved. 

Keywords: Phoaphodicgterase inhibitor; Recombinant human protein; vasodilation; Platelet aggregation; Rats; Intermittent claudication 



Introduction 

Peripheral arterial disease (PAD) is a common man ifestation 
of systemic atherosclerosis. Patients with PAD should be 
considered to have an increased risk of cardiovascular events 
such a* myocardial infarction, ischemic stroke and vascular 



• Corresponding author. Tel.: +81 480 92 2513; fix: +81 480 90 1014. 
E-mail addrw: ialuwataj&uaaanchemxo jp (N. Ishiwata). 

0024-3205/$ - see font matter O 2007 Elsevier Inc. All rights reserved. 
doi:10.\OI67J.]&.2007.07.025 



death (CAPRIE Steering Committee, 1996; Nesa and Aronow, 
1999; Hiatt, 2001; Norgren et ai f 2007). Intermittent claudica- 
tion (IC), accompanied by reproducible ischemic leg pain, i9 
one of the most common symptoms of PAD, which severely 
restricts walking activity and lowers quality-of-life (QOL). 
Medical treatment including antiplatelet drugs and antihyperli- 
pidemic drugs is effective to reduce the subsequent cardiovas- 
cular risk but does not affect symptoms of IC (Hiatt, 2001, 
2002; Norgren et al., 2007). 
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There arc currently two phosphodiesterase (PDE) inhibitors, 
pentoxifylline and ciloatazol, approved for the treatment of IC 
in several countries including the US and the UK- While 
therapeutic efficacy of pentoxifylline is limited, cilostazol has 
been shown to improve walking ability and QOL in patients 
with IC significantly (Dawson et al., 1998, 2000; Money et al., 
1998; Beebc ct al., 1999; Norgren ct al., 2007) but more 
effective therapeutic drugs are still required. 

NT-702 (parogrelil hydrochloride, NM-702), 4-bromo-6-[3-(4- 
chlorophenyi)propoxy]-5-[(pyrid^ 

3(2H)-one hydrochloride was synthesized as a potent vasodilatory 
and antiplatelet agent Although the potency and selectivity ofNT- 
702 against human PDEs remains unknown, the result from basic 
pharmacological study suggests that die compound selectively 
inhibits PDE3 and. 5 purified from rabbit heart and platelets 
(Hcegawa et al., 1995). Recently, the result of phase fl/m clinical 
trial of NT-702 for the treatment of IC in patients with PAD was 
disclosed. NT-702 significantly improved patients* walking 
activity as compared with placebo and was well tolerated (Brass 
et al., 2006). For this reason, it is of great interest whether NT-702 
has therapeutic advantage over other drugs approved for IC. 

In this study, we assessed the efficacy of NT-702 in a rat 
femoral artery ligation model of IC as compared with cilostazol as 
well as in vitro and ex vivo pharmacological properties including 
inhibitory activity against human recombinant PDEs. 

Materials and methods 

All studies reported here were reviewed by the Ethics Review 
Committee for Animal Experimentation of Nissan Chemical Indus- 
tries and laisho Pharmaceutical Animal Core Committee and meet 
the Japanese Experimental Animal Research Association Standards 
as defined in the Guidelines for Animal Experiments (1987), 

Drugs and chemicals 

NT-702 (4-bromo^p^4-chlorophenyl)propoxy]-S-[(pyridin- 
3-yknethyl)arnjno]pyridazin-3(2H)-one hydrochloride. Fig. 1) 
was synthesized at Nissan Chemical Industries (Tokyo, Japan). 
Cilostazol was extracted and purified from Pletaal® tablets (Otsuka 
Pharmaceutical Co., Tokyo, Japan) or purchased from Huangyan 
Botai Chemical (Huangyan, China) or Sigma-AIdrich (St Louis, 
MO, USA). Adenosine 3', 5'~cyclic monophosphate (cAMP) 
SOdhim salt monohydrate, guanosine 3', 5 '-cyclic monophosphate 
(cGMP) sodium salt and bovine thrombin were purchased from 
Sigma-AIdrich. [5', 8- 3 H]cAMF ([ 3 H]cAMP) ammonium salt and 
[8- 3 H]cGMP ([ 3 H]cGMP) ammonium salt were purchased from 



^^^v, • HCI 
N 



Fig. I. Chemical structure of NT-702. 



GE healthcare Bio-Sciences (Little Chalfont, UK). Collagen 
(collagen reagent Horm) was purchased from Nycomed (Munich, 
Germany). TJ46619 was purchased from Cayman Chemical Co. 
(Ann Arbor, MI, USA). Platelet activating factor (PAF) was 
purchased from Biorool International (San Diego, CA, USA). L- 
phenyiephrine hydrochloride and papaverine hydrochloride were 
purchased from Wako Pure Chemical Industries (Osaka, Japan). 
All other chemicals were the highest grade commercially available. 

PDE inhibition assay 

Recombinant human (in) PDE enzymes (PDEl A3, PDE2A3, 
PDE3A, PDE3B, PDE4B2, PDE4D1, PDE5A1 and PDE6a&) 
expressed in abaculovirus/Sfi expression system were purchased 
from Scottish Biomedical Ltd. (Glasgow, UK). The PDE activity 
was determined radiometrieally by using PDE [ 3 H]cAMP SPA 
Enzyme Assay kit or PDE [ 3 H]cGMP SPA Enzyme Assay kit 
(GE healthcare Bio-Scicnccs) on 96-woll Isoplato (PerkinElmer, 
Wellesley, MA, USA) as described previously (Wang et al., 
1997). Briefly, after preincubation of the assay mixture contained 
various concentrations of NT-702 or cilostazol dissolved in 
DMSO and the enzyme solution for 5 min at room temperature, 
the reaction was started by the addition of substrate solution 
(cAMP or cGMP) at a final concentration of Km value for each 
enzyme. Sufficient amount of enzyme to achieve 10% substrate 
breakdown was added. After incubation for an additional 30 min 
at 30 °C, the reaction was terminated by the addition of yttrium 
silicate SPA beads suspension. The plates were counted for 
radioactivity by MicroBeta TVilux (PerkinElmer). The concentra- 
tion causing 50% inhibition (IC 50 ) of PDEs was calculated. In our 
preliminary study, 3-isobutyl-l-methylxanthine (IBMX) for 
PDEI, etythir>9-(2-hydroxy-3-nonyl)adenine hydrochloride salt 
(EHNA) for PDE2, cilostazol for PDE3, rolipram for PDE4 and 
sildenafil for PDE5 and PDE6 used as positive control showed 
inhibitory activities against each enzyme with ICj 0 values similar 
to those previously reported (data not shown, Podzuweit et al., 
1995; Loughncy et al., 1996; Bolger et al„ 1997; Huston et aL, 
1997; Ballard et al., 1998; Sudo et aL, 2000; Zoraghi et al., 2006). 

In vitro human platelet aggregation assay 

Human blood samplings for platelet aggregation study were 
performed after obtaining written informed consent. Blood was 
collected from healthy human volunteers by venipuncture and 
instantly mixed with 1/10 volume of 3.8% trisodium citrate and 
centrifuged at 160 *g for 10 min to prepare platelet-rich plasma 
(PRP). Platelet-poor plasma (???) was obtained from the pre- 
cipitated fraction of PRP by centrifugation at 2000 *g for 
15 min. PRP was washed with Hcpes-iyrode^ buffer (137 xnM 
NaCl, 2.6 inM KCl, 1.0 mM MgCl 2( 12.1 mM NaHCO a and 
37.8 mM HEPES, pH 6.5) containing 7.7 mM EDTA by 
centrifugation at 600 *g for 10 min. The platelet pellet was 
resuspended in Hepes— iyrode*s buffer (pH7.35) containing 
11 mM glucose, 1 mM CaCfe and 3,5 g/L BSA to prepare 
washed platelet (WP). PRP was used for assessing the ADP, 
collagen, U46619 and PAF-induced platelet aggregation, and 
WP was for thrombin. 
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Platelet aggregation was measured by the method of Bom 
(Born, 1962) using an aggrcgomcier (Hematracer 601, Niko 
Bioscience, Tokyo, Japan). A sample of PRP or WP was in- 
cubated with NT-702 or cilostazol dissolved in DMSO for 2 min 
at 37 °C and then each agonist was added The concentration of 
each agonist was adjusted to a minimal concentration to induce 
maximal aggregation. The light transmission on the aggregation 
response curve was measured for 7 min. The parameters of the 
extent of platelet aggregation were taken as the area under the 
time-aggregation curve in case of collagen and the maximum 
aggregation on the aggregation curve in case of other agonists. 
Tho IC 50 values of platelet aggregation were calculated from 
concentration-inhibition curve. 

In vitro vasorelaxation assay in rat aorta 

Rat thoracic aortae were isolated by procedures previously 
described (Noguchi et aL, 1998). Male Wistar rats (Charles River 
Japan, Inc., Yokohama, Japan) weighing 214 to 240 g were used. 
All rats were sacrificed by venesection under pentobarbital sodium 
anesthesia. The aortae were excised and placed in well-oxygenated 
(95% 0 2 -S% CO2), modified Krebs-Henseleit solution (KHS) 
(1 18.0 mM NaCl, 4.7 mM KCl, 1 .8 mM CaCl 2l 1 .2 mM MgS0 4 , 
UmM NaH 2 P0 4 , 25.0 mM NaHCOj and 1 1 . 1 mM glucose, pH 
7.4), To avoid tho interference of endotheliunvderived factors, 
innmal surface of the ring preparations were gently nibbed using a 
cotton swab moistened with KHS. 

The ring preparations were then mounted using stainless 
hooks under the optimal resting tension of 1 g in a 10-ml organ 
bath containing well-oxygenated KHS at 37 °C. Tho tension 
changes of the ring preparation were isometrically recorded 
with a force-displacement transducer (TB-612T, Nihon Koh- 
den, Tokyo, Japan) connected to a polygraph (WT-68SO, Nihon 
Kohden). After the ring preparations were contracted with 
phenylephrine (0.3 jiM), NT-702 or cilo6tazol dissolved and 
diluted in DMSO were added cumulatively to the bath medium. 
Papaverine (100 jiM) was added to the bath to determine the 
maximum vasorelaxation, after treatment of NT-702 or 
citostazol at the highest concentration. The values of IC50 for 
NT-702 and cilostazol were determined from each preparation. 

Ex vivo rat platelet aggregation assay 

Male Wistar rats (8 weeks old, Charles River Japan, Inc.) 
were used in this study. NT-702 or cilostazol was suspended in 

Table 1 



0.5% methylcetlulose (MC) and orally administered to rats 
fasted overnight Blood was drawn from the abdominal aorta 
under pentobarbital sodium anesthesia with a plastic syringe 
containing 3.8% trisodium citrate (1/10 volume) at 1, 3 and 6 h 
after the administration. Each blood sample was centrifuged at 
270 *g for 7 min to obtain PRP. Platolct counts were adjusted to 
5*10 5 cells/iiL using autologous PPP. After tho PRP was 
preincubated at 37 °C for 2 min in an aggregometer, platelet 
aggregation was assessed by adding ADP (10 |iM) or collagen 
(10 ug/mL) over a 7-rnin period. Platelet aggregation was 
expressed as area under the time-aggregation curve. 

Rnt femoral artery ligation model 

Male Wistar rata (Keari, Osaka, Japan) weighing 259 to 
371 g were subject to treadmill walking test using a custom- 
made apparatus (NeuroScience, Tokyo, Japan). Walking speed, 
started at 15 m/min, was increased by 5 m/min ovary 5 min. 
Walking distance was defined as the total distance until the 
animal fell off the apparatus three times. Furthermore, the 
animals were anesthetized with diethyl ether, and the plantar 
surface temperatures of the hind limb wore measured by a 
thermography apparatus (TVS-8000, Nihon Avionics, Tokyo, 
Japan), The hindlimb site for tho temperature measurement was 
the middle point of the line connecting the roots of the first and 
fifth fingers. Plantar surface temperature was expressed as the 
difference in temperature between tho right and left hindlimbs. 
Treadmil and thermography measurements were performed on 
2 to 4 days before the ligation. Animals satisfying both of two 
conditions including walking distance (150 m or more but 
400 m or less) and plantar surface temperature (within 1 °C) 
were used as the objects for construction of a model of femoral 
artery ligation. 

After the animals were selected, the rats were anesthetized 
with pentobarbital sodium (40 mg/kg, i.p.). The right femoral 
artery was exposed and H gated with silk suture. A second 
ligation was applied at about 1 cm peripherally of the first 
ligation. Following the ligation at two places, animals were 
sutured after applying a penicillin G (Myctllin sol, Meyiseika, 
Tokyo, Japan) to the incision. 

One day after ligation (Day 1), the walking distance was 
evaluated with the same method mentioned above. The animals 
for which the walking distance was shortened to 50% of the 
distance before ligation were assigned to experimental groups 
and also subjected to the measurement of hindlimb plantar 
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surface temperature by the method mentioned above. From Day 
2, NT-702 (2.5, 5 and 10 mg/kg) or cilostazol (300 mg/kg) were 
orally administered twice a day (BID) for 13 days (until Day 
14), 0,5% MC was used as the vehicle, Treadmill and thermo- 
graphy measurements were performed on Day 4, Day 8 and Day 
15 in addition to on Day -2 - -4 (before ligation) and Day 1, 

Statistical analysis 

The results are expressed as mean^S.E.M. or alternatively 
95% confidence interval (C.I.). Statistical analyses were 
performed by non-linear regression analysis for tho calculation 
of 95% C.I., Dunnett's test for the ex v/vo study and for the 
study of NT-702 in the rat femoral artery ligation modal and 
unpaired t-test for the study of cilostazol in the model between 
vehicle-treated and test drug-treated groups. All of statistical 
analyses were performed by using SAS system ver.8.2 (SAS 
institute Japan, Tokyo, Japan). A p value less than 0.05 was 
considered statistically significant 

Results 

PDE inhibitory activity 

We measured the inhibitory effect of NT-702 and cilostazol 
against rhPDEl to PDE6. NT-702 strongly inhibited PDE3A 
and 3B„ and the IC50 values (0.179 and 0.260 nM, respectively) 
were much smaller than those for other enzymes (Table 1). 
Cilostazol also inhibited PDE3A and 3B selectively (231 and 
237 nM for PDE3A and 3B, respectively), but the inhibitory 
effect of NT-702 was about 1000 times more potent than that of 
cilostazol (Table 1). 

Inhibitory effects on human platelet aggregation in vitro 

The inhibitory effects of NT-702 and cilostazol on human 
platelet aggregation were examined. NT-702 potently and 
concenuation-dependentty inhibited human platelet aggregation 
induced by ADP (5-20 pM), collagen (1-2 ug/mL), U46619 
(0.5-1 uM), PAF (0.5-2 nM) and thrombin (0. 1 umts/mL) with 
IC 50 values (nM) of 67, 1 1, 12, 21 and 3 1, respectively (Table 2). 
Although cilostazol also suppressed platelet aggregation induced 
by these agonists, the potency of cilostazol was less than that of 
NT-702. The inhibitory effect of NT-702 was 250 to 520 times 
more potent than that of cilostazol. 
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Pig. 2. Vasorelaxation effects of NT-702 And eilottosol on rat sonic rings. A, B; 
Typical traces showing tho relaxant effects of NT-702 and cilostazol on isolated 
rat aonae without endothelium. After tho phenylephrine (03 uM)-induced 
contraction (open column), NT-702 or cilostazol wore added cumulatively to the 
bath medium. Papaverine at 100 uM (FPV; closed column) was added to me 
bath after treatment of NT-702 or cilostazol at the highest concentration, C; 
Conccnttation-respooae curve for relaxant effects of NT-702 (solid circles, n m 4) 
and cilostazol (open circles, n = 8) On phenylephrine- induced contraction of 
isolated rat aortae. The vasorelaxant effect of each compound was expressed ss a 
percentage of the maximum relaxation Induced by PP V. Data are expressed as 
the meanAS.EJvl. 

Vasorelaxation effects on rat aorta 

The vasorelaxation effects of NT-702 and cilostazol on rat 
aortic rings without endothelium were examined Typical traces 
showing tho relaxant effects of NT-702 (Fig. 2A) and cilostazol 
(Fig. 2B) were represented. NT-702 inhibited the 0.3 nM 
phenylephrine-induced contraction in a concentration-depen- 
dent manner (Fig. 2A and C). Cilostazol also inhibited the 
contraction (Fig. 2B and C). The mean IC 50 values of NT-702 



Table 2 

Inhibitory c fleets of NT-702 and djostopj on human platelet sggregaUon Induced by various aggregating agenta 
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Q Vehicle 
a NT-702 3mg/kg 
B NT-702 10mg/kg 
■ NT-702 30mg/kg 
a Cilostazol 300mg/kg 



□ Vehicle 

□ NT-702 3mg/kg 
B NT-702 lOmg/kg 
■ NT-702 30mg/kg 
0 Clloatazol 300mg/kg 



1 3 G 

Time after administration (hr) 

Fig. 3. Effects of orally administered NT-702 and cilostazol on ADP (A) and collagen (BHnduced ex Wvo platelet aggregation in ret. Citatcd blood samples were 
collected 1, 3 and 6 h after oral admintaretioa of NT-702 or oiloatnzoL Platelet aggregation was assessed by adding 10 |iM ADP or 1 0 ^ig/mL collagen over a 7-min 
period and recorded as iho area under tho Ume^ggregadcn curve. A; ADP-induced platelet aggregation. B; coUagcn-indvced platelet aggregation. Data are expressed 
as the me*n±S.E.VL of 5 antmala. Sonwrical analyses were performed using Dunnett'a test V<0.05, • V<O.OI vs. control (vehicle group). 



and cilostazol were 24 nM (95% C.I.:12-51 nM, n^4) and 
1000 nM (95% C.I.;570-1900 nM, n=8), respectively, 
suggesting that the vasorelaxant activity of NT-702 was 42 
times more potent than that of cilostazol. 

Ex vivo inhibitory effects on rat platelet aggregation 

The time course of the anti-p Lata let aggregation effect of NT- 
702 at doses of 3 to 30 mg/kg alter a single oral administration 
was examined in comparison with cilostazol at a dose of 
300 mg/kg. NT-702 at 10 and 30 mg/kg significantly inhibited 
ADP-mduccd platelet aggregation, and the inhibitory effect 
continued for 6 and 3 h, respectively (Fig. 3 A). NT-702 
significantly inhibited collagen-induced platelet aggregation at 
3 to 30 mg/kg and, at 10 and 30 mg/kg, the inhibitory effect 
continued for 3 h (Fig. 3B). Cilostazol suppressed ADP-induced 
platelet aggregation at3 h after the dose of 300 mg/kg (Fig. 3A). 

Effects on rat femoral artery ligation model 

We examined tho efficacy of NT-702 and cilostazol in a rat 
femoral artery ligation model when the drugs were orally 
administered BID for 13 days. In the treadmill walking test, the 



walking distance on an average in each group before femoral 
artery ligation was between 242 m at minimum and 282 m at 
maximum. There was no difference among the groups. After 
ligation, the reduction of walking distance between 151 m at 
minimum and 1 84 m at maximum was recognized on Day 1 in 
each group. In the vehicle-treated group, the walking distance 
showed the tendency to recover gradually but did not reach to 
the prc-ligation level unril Day 15 (Fig. 4A and B). NT-702 at 5 
and 10 mg/kg significantly improved the reduced walking 
distance on Day 6 (Fig. 4A) as compared with vehicle-treated 
group. Although cilostazol at 300 mg/kg, in contrast, showed an 
improving tendency, significant differences were not observed 
on any day (Fig. 4B). 

In the thermography test, there was no difference in the 
surface temperature of the both hindlimb plantae before ligation 
(data not shown). The temperature in li gated hindlimb planta 
decreased by 10-1 1 °C after ligation, and in the vehicle-treated 
group it hardly recovered until Day 1 5 (Fig. 5 A and B). NT-702 
at 2.5 mg/kg significantly improved the lowered plantar surface 
temperature on Day 8 (Fig. 5 A) as compared with vehicle-treatd 
group. Moreover, NT-702 at 5 and 10 mg/kg significantly 
improved the lowered surface temperature on Day 8 and Day 
15. On the other hand, cilostazol at 300 mg/kg showed a 
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significant improvement only on Day 8 (Fig. 5B). Represen- 
tative examples of thermogram are shown in Fig. 6. 

These results indicated that NT-702 but not cilostazol 
significantly prolonged the walking distance with improvement 
of the lowered plantar surface temperature in a rat model of 
femoral artery ligation. 

Discussion 

It was recently reported that NT-702 significantly improved 
patients 1 walking activity as compared with placebo (Brass et al, 
2006). Therefore, it is of great interest whether NT-702 has 
therapeutic advantage over other drugs approved for IC. In this 
study, wo evaluated the efficacy of NT-702 and cilostazol in a rat 
femoral artery ligation model to assess the possibility of NT-702 
having clinical advantages in IC. In this model, NT-702 signi- 
ficantly and strongly improved the reduced walking distance as 
well as the lowered plantar surface temperature at doses of 2.5 to 
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Fig. 4. Effects ofNT-702 (A) and cilostazol (B) on walking distance in a rat model 
of femoral artery ligation. Data are cxproaed u the meaniSJELM of 7-8 rata 
(A) and 8 rws (B). Numb en in parcnthasea indicate the number of animals at ihc 
specified time points. *p<0.05 significantly dlCerecc Own vehicle-treated group 
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Fig. 5. Effects of NT-702 (A) and cilostazol (D) on aurfiice temperature at 
hlndllmb planU In ft rat model of femoral artery ligation. Data axe expressed as 
Uto mcan±S.&M. of 7-8 rua (A) and 8 rata (B). Numbers In parentheses 
indicate tho number of animals at the indicated time points. m p<Q,Q$ t **p<Q.Q\ 
significantly different from vehicle- tree ted group (Punneu's test). V<:0.05 
significantly diffcrcrit from vehicle-treated group (unpaired C test). 

lOmg/kg BID for 13 days as compared with vehicle-treated group. 
On the other hand, cilostazol, a selective PDE3 inhibitor, approved 
for the treatment of IC in the US and the UK showed a mild 
efficacy in our model at a dose of 300 mg/kg BID for 13 days and 
improvement of the lowered plantar surface temperature was only 
statistically significant at day 8. The efficacy of NT-702 and 
cilostazol was not compared directly because in this study the two 
experiments shown in Fig. 4 were performed independently. 
However, we believe that the results have a specific meaning as 
they were obtained using the exact same animal model. Tb estimate 
from the result of a rat ex vivo experiment, antiplatelet activity of 
NT-702 at a dose of 2.5 mg/kg is comparable to that of cilostazol at 
a dose of 300 mg/kg which is almost the higher limit in terms of 
commonly used dose for in vivo experiments of cilostazol. We did 
not statistically compare the ex vtvo efficacy of NT-702 directly to 
one of cilostazol due to these two drugs having different 
pharmacokinetic properties, particularly the time to maximum 
plasma concentration when they were orally administered. 
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Fig. 6. Representative examples of thermogram on day 15 (A) and time co tine of NT-702 1C mg/Vg group (B) after hudllmh ligation. (A) upper left; vehicle for NT-702 
study, upper middle; NT-702 2.5 mg/kg, upper right; NT-702 5 mg/kg, bottom left; NT-702 10 mg/Vg. bottom middle; vehicle for cilQstazol study and bottom rights 
cilostazol 300 mg/kg. (B) upper left; before ligation, upper middle; day 1, upper right; day 4, bottom left; day 8 and bottom middle; day IS of NT-702 10 mg/kg. 



Onto ct al. (2004) has shown the efficacy of cilostazol for IC 
using a rat femoral artery ligation model which resembles the 
one being reported here. In their model, cilostazol improved the 
reduced walking performance at doses of 30 and 100 mg/kg 
BID. Their model is established by single ligature of the femoral 
artery, while in our model two ligatures cause a more severe 
blood flow disturbance. Recently, beraprost sodium has been 
shown efficacy in improving the walking activity in a rat 
bilateral ligation model (Miyamoto et al, 2006). Moreover, in 
the vehicle control group, the reduced walking performance was 
recovered to almost normal range within 8 days after the 
ligation. The time course and magnitude of the improvement of 
walking performance in the vehicle control group of this 
bilateral and single ligature model is quite similar to the results 
of our model. Hcrzog ct al. (Herzog et al., 2002) reported that 
vascular proliferation was notable around the ligation site 24 h 
after the femoral artery ligation in rats. Tho extent of the pro- 
liferation and the number of collateral vessels were significantly 
increased 7 days after the ligation. These results suggest that the 



reduced walking performance (time or distance) in tho ligated 
rats without any drug or vehicle could be partially improved in a 
time-dependent manner and through the sufficiently developed 
collateral arterial network around the ligation site. Additionally, 
it is reported that walking performance is gradually and time- 
dependency improved in the vehicle control as well as in die 
drug treatment group in patients with IC (Brass et al., 2006). 
Although the severity of the ligation models varies, the fact that 
cilostazol showed a tendency to improve the reduced walking 
performance suggests that tho model in this study is suitable for 
the evaluation of drug candidates for the treatment of IC. 

PDEa play a major role in cell signaling by hydrolyzing 
cAMP and cGMP. There have been identified 1 1 different PDE 
families which constitute tho PDE superfamily (Lugnier, 2006). 
In an experiment using rhPDEl to PDE6, we found that NT-702 
selectively and potently inhibited PDE3 (IC 5 o=0.179 and 
0.260 nM for PDE3A and 3B). The selectivity of NT-702 to 
PDEs was similar to that of cilostazol (Sudo et al,, 2000). 
PDE3A* which hydrolyzes cAMP, is mainly distributed in 
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platelets, vascular smooth muscle, heart and oocytes whereas 
PDB3B is mainly in adipocytes, hcpatocytcs and spermatocytes 
(Lugnier, 2006). Tho fact that NT-702 potently inhibited human 
platelet aggregation induced by multipio agonists and phenyl- 
ephrme-induccd vasocoatraction of rat aorta could be explained 
by the potent PDE3A inhibitory activity of the compound. Our 
previous basic pharmacological study suggested that NT-702 
had & possibility to inhibit PDE5 at the same potency as PDE3 
from the experiment using enzymes purified from rabbit tissues 
(Dcegawa et aL, 1995). The discrepancy in the inhibitory activity 
against PDE3 between tho two studies may be due to the species 
differences or purity of the enzymes, We consider that the result 
of this study using recombinant human enzymes would reflect 
the phenomena in human subjects more properly. Moreover, 
NT-702 inhibited platelet aggregation 250 to 520 times more 
potently and 6howed a vasorelaxant activity 42 times more 
potent than cilostazoL It has been reported that PDE3A from 
human and rat were quite similar in structure (Degcrman ct al., 
1997) as well as in tissue expression and localization including 
cardiovascular system (Liu and Maurice, 1998). Therefore, 
functional contributions of PDE3 inhibitors to human could be 
comparable with those to rat Indeed, in our preliminary study, 
NT-702 and cilostazol inhibited rat platelet aggregation in vitro 
with the same potency as in the case of human, respectively. 

These results indicate that NT-702 improved peripheral 
circulation of ischemic hindlimb and the reduced walking per- 
formance through the potent antiplatelet and vasorelaxant 
activities which can be explained by at least PDE3 A inhibition. 
In addition, the potent activity of NT-702 in this IC model 
makes us think of possible contribution of other mechanisms. 
For example, it has been reported that NT-702 inhibited throm- 
boxane synthetase in human platelets and consequently reduced 
the production of thromboxane A 2 (Dcogawa et aL, 1995) which 
strongly inducos platelet aggregation and vaso contraction 
(Moncada and Vane, 1978). Further studies are needed to 
fully understand the mechanism of NT-702 in IC and other 
diseases. 

Conclusion 

Our results show that NT-702 has potent vasodilatory and 
antiplatelet activity and one of these mechanisms of actions is 
considered to bo PDE3A inhibition. NT-702 improved the re- 
duced walking distance and the lowered hindlimb plantar surface 
temperature in a rat experimental IC model while the efficacy of 
cilostazol was less potent These results suggest that NT-702 can 
be expected to have therapeutic advantage for IC. 
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Summary 

Theophylline is commonly used in the treatment of obstructive airway diseases. The 
identification and functional characterization of different phosphodiesterase (PDE) iso- 
enzymes has led to the development of various isoenzyme-selective inhibitors as potential 
anti-asthma drugs. Considering the distribution of isoenzymes in target tissues, With high 
activity of PDE3 and PDE4 in airway smooth muscle and inflammatory cells, selective 
inhibitors of these isoenzymes may add to the therapy of chronic airflow obstruction. 
However, initial data from clinical trials with selective PDE3 and PDE4 inhibitors have 
been somewhat disappointing and have tempered the expectations considerably since these 
drugs had limited efficacy and their use was clinically limited through side effects. The 
improved understanding of the molecular biology of PDEs enabled the synthesis of novel 
drugs with an improved risk/benefit ratio. These 'second generation 1 selective drugs have 
produced mora promising clinical results not only for the treatment of bronchial asthma but 
also for the treatment of chronic obstructive pulmonary disease, 

Keywords: phosphodiesterase inhibitors, phosphodiesterase isoenzymes, theophylline, 
inflammation asthma, chronic obstructive pulmonary disease 



Background 

Nonselective inhibitors of cyclic nucleotide phosphodies- 
terase (PDE), such as theophylline, have been used for the 
treatment of obstructive airways diseases for several dec- 
ades. Until now, theophylline remains one of the world's 
most widely used medications for asthma and plays an 
important role in the treatment of chronic obstructive 
pulmonary disease (COPD) [1], despite its relegation from 
first-line therapy in international guidelines for the treat- 
ment of asthma [2]. 

The renewed interest in recent years regarding the phar- 
macology and clinical effects of this class of drugs is based 
largely on advances in the knowledge and understanding of 
the PDE isoenzymes, which represent one of theophylline* s 
biochemical targets, and from demonstrations of a range of 
effects of theophylline in addition to its well characterized 
bronchodilator property. These additional actions are 
thought to involve a variety of actions such as the effects 

Correspondence: FWeaiOr K. P. Rftbe, Department of Pulmonology C3-P 
University of Leiden. Pottbui 9600, 2300 RC Leiden, The Netherlands. 



on the vasculature in patients with increased pulmonary 
artery pressure, the suppression of inflammatory cell 
responses, and the induction of apoptosis of eosinophils. 

The immunopharmacology of theophylline has become a 
particular subject of interest in recent years, and the ability 
of drugs that inhibit certain PDE isoenzymes (see below) to 
suppress both immune cell functions in vitro and allergic 
pulmonary inflammation in vivo, is believed to present an 
opportunity for the development of novel drugs with anti- 
inflammatory properties through greater selectivity and 
improved side-effect profile, compared with nonselective 
drugs such as theophylline. 

Although it has been suggested that some of theophylli- 
ne's adverse effects are due to the drug's non PDE-inhibi- 
tory actions, such as antagonism of adenosine receptors, 
there is now evidence to suggest that the most common side- 
effects, including cardiac dysrhythmias and nausea, are also 
mediated by PDE inhibition. 

With this in mind, it was proposed that selective target- 
ting of the PDE isoenzymes involved in regulating cyclic 
nucleotide levels in cells relevant to asthma and COPD - 
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namely bronchial smooth muscle and the inflammatory cells 
characteristic of bronchial infiltrates - would allow the 
beneficial effect* of theophylline to be obtained in the 
absence of cardiovascular, gastrointestinal, and central 
nervous system side-effects. Many such family-selective 
or 4 seeond-gene^ation , PDE inhibitors have been developed, 
some exhibiting selectivity ratios of several thousand for a 
particular isoenzyme family over all other families. 

While it has been widely suggested that increasingly 
selective PDE4 inhibitors will enable targeted suppression 
of inflammation, several pharmaceutical companies have 
followed this course in developing selective drugs for 
clinical trials in asthma and inflammatory diseases [3]. 
However, in the past clinical trials with some of the 
highly selective drugs were disappointing. One reason for 
this limited success may be the presence of significant 
amounts of other PDE isoenzymes in addition to PDE4 in 
the target tissues [4,5]. Therefore, just as combined inhibi- 
tion of PDE3 and PDE4 is more effective than inhibition of 
a single isoenzyme family in relaxing pre-contracted human 
airways smooth muscle [6,7], a more effective suppression 
of inflammation might also be achieved by the combination 
of selective PDE inhibitors rather than by a single isoen- 
zymo-sclective PDE inhibitor. This report tries to summar- 
ize current concepts and available clinical data for selective 
PDE inhibitors for the treatment of asthma and COPD. 

Molecular biology of PDE 

Cyclic nucleotide PDE was identified 40 years ago as an 
ubiquitous enzyme catalysing the breakdown of the intra- 
cellular 'second messenger* adenosine 3':5'-cyclic monophos- 
phate (cAMP) and guanosine 3':5'-cyclic monophosphate 
(cGMP). Theophylline was recognized as an inhibitor of this 
enzyme activity and has been shown to exert many of its 
important therapeutic effects through PDE inhibition. In 
recent years, PDE has been subject to intense biochemical 
scrutiny, and is now acknowledged to represent the activity 
of a large 'superfamily' of enzymes forming at least eight 
distinct families of isoenzymes that differ in their substrate 
specificities and affinities and in their sensitivity to stimulation 
or inhibition by endogenous cofactors and modulators. Theo- 
phylline (1,3-dimethylxon thine) inhibits these isoenzymes 
with roughly equal potency and, in common with several 
related alky Ixan thine compounds such as IB MX (3-isobucyl- 
l-methybcanthine) and pentoxifylline ( 1-5-oxohexy 1-3-7- 
dimethylxanthinc), is described as a nonselective or 'first 
generation 1 PDE inhibitor. 

During the last decades, long after the discovery of cyclic 
AMP and its degrading enzymes, a lot of research concen- 
trated on further characterization of different PDE iso- 
enzymes [8], their localization, and their involvement in 
the regulation of different cell functions. In the period from 



1970 to 1980, various PDE isoenzymes were defined by 
differences in substrate specificities and/or regulation 
characteristics. Subsequently, an extensive research and 
development effort led to the synthesis, characterization, 
and clinical study of a series of new compounds that were 
selective for one or two isoenzymes. These mono- and 
dual-selective 'second-generation' PDE inhibitors were 
isoenzyme-targetted, especially to PDE3 and PDE4, and 
they offered both new clinical uses and the possibility for 
analyses of the tissue distribution and functional role of 
individual isoenzymes. It emerged that these compounds 
exhibited a limited organ specificity and — importantly, 
from a clinical viewpoint — a therapeutic potential against 
heart failure and depression. Currently, a variety of new 
substances are under investigation as alternative potential 
anti-inflammatory drugs and, if the theoretical concept holds 
true, agents with lower potential for side-effects are being 
discovered. 

In the meantime, eight PDE isoenzyme gene families 
have been identified and the list is dull likely not to be 
complete [4,9-13]. They not only differ in their substrate 
specificity, in their affinity, and in their sensitivity to 
stimulation or inhibition by endogenous cofactors and 
modulators* but also in their localization in specific organ 
systems or tissues [12]. Within the airways, PDE4 appears 
to be the most important isoenzyme because of its distribu- 
tion in airway smooth muscle and inflammatory cells 
(Figure 1). 

PDE4 has been shown to include the products of four 
separate genes (PDE4A-D), with variants of PDE4A, 4B, 
and 4D also occurring through differential mRNA splicing 
[11]. The expression of the different gene products is 
heterogeneous and it is striking that PDE4C is rarely 
expressed in blood-derived cells, including the inflamma- 
tory cells implicated in allergic airways obstruction [3,11]. 
Most of the selective inhibitors developed so far are sub- 
strate-site-directed competitive inhibitors, but a few act at 
allosteric sites [14,15]. Drag targetting can focus either on 
the selectivity for 'subtypes 1 of the PDE gene families, e.g. 
PDE4A, 4B, 4C f or 4D [16], or on one of two conformere of 
the isoenzyme [17-19], since studies support the proposal 
that two distinct and catalytically active confonners of 
PDE4 isoenzymes coexist. One of them binds rolipram at 
the catalytic site with a high affinity Chigh-affirriry rolipram 
binding site') and a second binds rolipram with a lower 
affinity ('low-affinity rolipram binding site') [18,20). It is 
noteworthy that the therapeutic effects appear to be related 
to the 'low-affinity rolipram binding site*, whereas the side- 
effects are more likely to be related to the 'high-affinity 
rolipram binding site 1 . Second-generation PDB4 inhibitors 
such as RP73401, CDP840, and SB207499 were specifically 
designed to have an improved therapeutic index according 
to the approach described above. 
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Ffg. 1. Effects of eAMP elevation by type 4 
selective PDE inhibitors with relevance to 
the treatment of bronchial asthma and 
COFD [12]. I, inhibition; |, stimulation; 
AWSM, airway smooth muscle; eNANC, 
excitatory nonadrenergic noncholinergic 
neurotransmission; iNANC, inhibitory 
nonadrenergic noncholinergic 
neurotransmission; LTs, butadienes; O a -, 
superoxide anion; PAP, platelet- activating 
factor; TNPa, tumour necrosis factor 
alpha; JNF-^y, interfexon-garnroa; IL, 
incerleukim 
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Subtype-selective PDE4 inhibitors have yet to be 
reported. Although the presence of large amounts .of 
PDE4C in the central nervous system, compared with its 
absence in leucocytes [21.22], suggests that theoretically 
one promising way forward is to synthesize compounds 
with decreased activity against this subtype, it is unclear 
whether inhibiting a single PDE4 subtype will have a great 
enough impact on total cellular cAMP metabolism to alter 
cell function meaningfully, and, additionally, inhibition of 
one subtype might lead to a reciprocal up-reguIatLon of 
another. 

Cellular distribution of PDE isoenzymes 

Most studies to date have focused on PDE4 as a potential 
target for novel anti-inflammatory drugs, since this iso- 
enzyme family is represented in all cells, with the exception 
of platelets, that are thought to be involved in inflammatory 
reactions [23]. PDE4, the low Km cAMP-specific isozyme, 
is the major cAMP-metabolizing enzyme in immune and 
inflammatory cells, and is one of two major cAMP-meta- 
bolizing enzymes in airway smooth muscle. Several inflam- 
matory cell classes have undergone similar investigation, 
revealing the exclusive presence of PDE4 in neutrophils, 
eosinophils, basophils, and monocytes, while in macro- 
phages PDE3 and PDE1 and in T lymphocytes PDE7 
activity has also been demonstrated [24-26]. 

Furthermore, PDE inhibitors can, for example, inhibit 
mediator release of inflammatory cells like monocytes and 
monocyte-derived macrophages [27], lung mast cells [28,29], 
T lymphocytes [30,3 1], B lymphocytes [32], alveolar macro- 
phages [33-35], and eosinophils [3,36,37]. 



Smooth muscle 

Within human airways, isoenzymc-selective PDE inhibitors 
were identified that cause effective relaxation of airway 
smooth muscle [6,7,38-40]. Studies of the PDE isoenzyme 
profiles of these tissues and cells revealed the presence of 
enzyme activities of the PDE1, PDE2, PDE3, PDE4, and 
PDE5 classes [6,7,39], while selective inhibitors of PDE3 
and PDB4 have been shown to cause relaxation of bronchial 
rings under various conditions [7,38,41]. Functional ana- 
lyses of PDE isozymes suggest that PDE3 and PDE4 
coregulate cAMP content in human airway smooth 
muscle. This appears to be the case, because either a 
combination of PDE3 and PDE4 inhibitors or dual PDE3/ 
4 inhibitors produce a much greater bronchorclaxant effect 
than individual isoenzyme-aelective agents alone [6,39]. 

Furthermore, a number of studies support the proposal 
that cAMP not only is involved in smooth muscle relaxation 
but also exerts an overall inhibitory influence on airway 
smooth muscle proUfemtion [42-45]. It can modulate 
airway smooth muscle hypertrophy and hyperplasia, 
which are common morphological features of chronic 
asthma [46,47]. The actions of isoenzyme-selective inhibi- 
tors on human airway smooth muscle proliferation have not 
been investigated; however, in pig aortic smooth muscle tho 
combinadon of a PDE3 and PDE4 inhibitor, but not the 
individual inhibitor alone, was shown to have a marked 
inhibitory effect on proliferation [48]. 

Four PDE isoenzyme families, PDE1, PDE3, PDE4, and 
PDE5, have been found in human pulmonary arteries with 
high quantities of PDE3 and PDE5 and a smaller amount of 
PDE4 [49]. Selective inhibitors of PDE3 and PDE5, or 
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Fig. 2. The neutrophil as a potential target in the treatment of 
COPD with selective PDB inhibitors. M5E4 is the predominant 
c AMP-motaboIizing enzyme in human neutrophils and is involved 
in several functions and responses to exogenous stimuli. FMLP, N- 
formyl-methionyWeucyl-phenylalanine; PAP, platelet-activating 
factor; LTB 4 , leukotrienc B*. 

combined inhibition of PDE3 and 4, or 3 and 5 exerted 
relaxation of pulmonary artery rings, whereby these func- 
tional results corresponded broadly to the pattern of PDE 
isozymes found in the pulmonary artery smooth muscle 
[49], 

Lymphocytes 

Homogenates of lymphocytes from the peripheral blood 
predominantly show PDB3 and PDE4 activities with no 
difference between CD4 and CD8 positive cells. In addition 
to its ability to inhibit mitogen-induced and T-cell antigen 
receptor (CD3)-mediated proliferation of T lymphocytes in 
vitro [50,51], theophylline enhances the suppression of auto- 
logous cell proliferation in mixe4 lymphocyte preparations 



[52], a phenomenon that is reflected by the induction in 
theophylline-treated asthmatic subjects of an increased 
population of suppressor T cells [53,54]. Theophylline 
also reduces, cytokine release from T lymphocytes in vitro 
[51,55], which may imply further actions on cytokine* 
dependent functions of other leucocytes in vivo. 

Mast cells 

Experiments on human lung mast cells suggest that these 
cells contain PDE3 and PDE4 [25,56], since both PDE3 and 
PDE4 inhibitors reduce antigen-driven histamine release 
from human lung [57,58] and skin [58] mast cells. 

Neutrophils 

In human neutrophils PDE4 is the predominant cAMP-metab- 
olizing enzyme [59-61J, which is involved in many neutro- 
phil functions and neutrophil responses to stimuli (Figure 2). 
These processes include the stimulation of superoxide anion 
production by N-formyl-methionyMeucyl-phenylalanine 
(fMLP) [59-62], C5a [60], granulocyte-macrophage colony- 
stimulating factor [63], and TNPor [64]. Furthermore. PDE4 
plays an important role in the regulation of fMLP-induced 
degranulation [65-67], leukotrienc biosynthesis [61], 
and adhesion to endothelial cells [68]. Inhibitory effects 
can be observed ex vivo on neutrophils from patients 
treated with theophylline, whose chemotactic responses 
are reduced compared with cells from untreated 
patients [69]. 

Eosinophils 

Human eosinophils contain PDB4 and a broad spectrum of 
eosinophil functions (Figure 3) are suppressed by PDE4 



Chemoenractanta 



( Eosinophil activation ) 




Blood veaael 



Bone marrow 



Fig. 3. The eosinophil as a potential target 
in the trcatmont of bronchial asthma with 
selective PDE inhibitors [12]. PDB4 is the 
predominant cAMP-metabolizIng enzyme 
in human eosinophils. PDE4 inhibitors 
affect proliferation, differentiation, and 
export of eosinophils from the bone 
marrow, chemouxie. adhesion, and 
transmigration in the blood vessels, and the 
release of chemotactic and inflammatory 
mediators from activated cells. 
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inhibitors such as opsonized zymosan- stimulated superox- 
ide generation [70,71], platelet-activating factor (PAF)- and 
C5a-induced LTC 4 production, as well as chemotaxis 
[25,72]. Furthermore, in the presence of a 0-adrenoceptor 
agonist, PDE4 inhibitors reduced the release of eosinophil 
cationic protein and eosinophil-derivcd neurotoxin in 
response to C5a [73]. 

High concentrations of theophylline suppress reactive 
oxygon metabolite production by neutrophils and eosino- 
phils but lower concentrations enhance this response 
[74,75]. At high concentrations, the survival time of eosi- 
nophils in culture is reduced [76], apparently through the 
induction of apoptosis, and this may have implications for 
the maintenance of inflammation in vivo. Other eosinophil 
functions, such as leukotricno C 4 release, however, are 
inhibited by low concentrations of theophylline in vitro [77]. 

Side effects of PDE inhibitors 

Theophylline exerts frequent side effects that can become 
severe at plasma drug concentrations only slightly higher 
than those typically required to effect bronchodilacion in 
asthmatic patients. Side effects of theophylline stem from its 
tendency to inhibit mdiscriminately all PDEa in all tissues of 
the body [78,79]. The side effects produced by nonselective 
inhibition limits the degree of enzyme inhibition achievable 
in target tissues, i.e. airway and vascular smooth muscle as 
well as immunocompetent cells. The most common aide 
effects, including cardiac dysrhythmias and nausea, axe 
believed to be mediated by PDE inhibition. 

Chronotropic effects on the heart, particularly sinus 
tachycardia [80], can be caused by the elevation of cAMP 
levels in cardiac muscle with a subsequent calcium overload 
[81] or reflecting a reflex reaction to peripheral vasodilation 
[82]. Theophylline has long been recognized as a diuretic, 
and an action that results at least in pan from increased renal 
blood flow and glomerular filtration rate. In vivo, however, 
theophylline treatment can cause electrolytic disturbances, 
with hypokalemia being a particular problem [83]. Further- 
more, theophylline as well aa caffeine, stimulates the central 
nervous system at relatively low doses in vivo % since the 
drugs are concentrated in the cerebrospinal fluid [80]. 
Actions of methylxanthines in the central nervous system 
include a beneficial increase in ventilatory drive and a 
general increase in alertness and lessening of fatigue, but 
also account for the risk of tremor and seizures during 
theophylline therapy* Effects on the central nervous 
system are further nausea and vomiting, whereby this 
action can be mimicked by selective PDE4 inhibitors and 
apparently results from the inhibition of PDE in the emesis 
centres of the brain [84]. Another side effect is the increased 
acid secretion that is believed to be due to inhibition of 
PDE4 in parietal glands [85], 



PDE3 inhibition can produce a number of cardiovascular 
side effects [86,87] that include life-threatening arrhythmias 
in patients with compromised cardiac function [88]. The 
cardiovascular activity of dual PDE3/4 inhibitors is likely to 
be even more marked, since PDE4 inhibitors, although 
devoid of cardiovascular effects on their own, potentiate 
the cardiovascular actions of PDE3 inhibitors [89]. Nausea, 
vomiting, and gastric acid secretion are class effects of first- 
generation PDE4 inhibitors [17-19,85.90.91]. 

Rationale for PDE4 Inhibitors in asthma and COPD 

Airflow obstruction and airway inflammation are features of 
asthma as well as COPD. While bronchial asthma is 
predominantly characterized by an eosinophilic inflamma- 
tion, neutrophils are believed to play a major role in the 
pathogenesis of COPD. Therefore, PDE isozymes that are 
involved in smooth muscle relaxation and are also found in 
eosinophils as well as neutrophils, are likely to play an 
important role in both diseases and represent an obvious 
target for new therapeutic strategies. The development of 
selective PDE-inhibiting substances might have additional 
clinical relevance, minimizing side effects that are seen in 
patients treated with nonselective inhibitors such as theo- 
phylline. 

It has been suggested that many of theophylline' s adverse 
effects, including cardiac dysrhythmias and nausea, are due 
to the drug's nonselective PDE inhibition. In addition to 
theophylline's relatively low efficacy, it was proposed that 
selective targetting of the PDE isoenzymes involved in 
regulating cyclic nucleotide levels in cells relevant to 
asthma and also COPD - namely bronchial smooth muscle 
and the inflammatory cells characteristic of bronchial infil- 
trates — would allow the beneficial effects of theophylline to 
be obtained in the absence of cardiovascular, gastrointest- 
inal, and central nervous system side effects. 

The ability of PDE4 inhibitors both to relax airway 
smooth muscle on one hand and to suppress the function 
of a range of inflammatory cells on the other, led to a 
concentration of the research effort on drugs of this class. 
Selective PDE4 inhibitors have been demonstrated to exert 
suppressive action on neutrophil and eosinophil function in 
vitro that resembles the action of high concentrations of 
theophylline [61,70,77], with the added benefit of exhibiting 
none of the actions of theophylline that are assumed to result 
from that drug's adenosine antagonistic action [74,75]. In 
vivo 9 PDE4 inhibitors reduce the influx of eosinophils to the 
lungs of allergen-challenged animals in a manner similar' to 
that displayed by theophylline, whilst also reducing the 
broncboconstriction and elevated bronchial responsiveness 
occurring after allergen challenge [92-94]. These effects 
can be seen in the absence of cardiovascular effects such as 
tachycardia, although emetic and other unwanted gastro- 
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intestinal effects persist with some of these drugs [91.95]. 
PDB4 inhibitors also suppress the activity of immune cells, 
including CD4 + T-lvmphocytes, monocytes, mast cells, and 
basophils. These agents also reduce pulmonary oedema in 
animal models, inhibit eNANC activity, potentiate iNANC 
activity, have been reported to reduce airway smooth 
muscle mitogenesis, and induce bronchodilation. 

PDE4 inhibitors also suppress the activity of a number of 
inflammatory cells associated with the pathophysiology of 
COPD, including monocytes/macrophages, lym- 
phocytes, and neutrophils. PDEA inhibitors also reduce 
vascular smooth muscle mitogenesis and, potentially, alter 
the ability of airway epithelial cells to generate pro-inflam- 
matory mediators. Through the release of neutxal proteases 
and acid hydrolases from their granules and the generation 
of reactive oxygen species, neutrophils contribute to tissue 
destruction associated with chronic inflammation and are 
implicated in the pathology of conditions such as emphy- 
sema [96]. 

Clinical trials in asthma 

In summarizing the available clinical data on selective PDE 
inhibitors for asthma and COPD, it becomes apparent that 
there is a significant imbalance between the increased 
knowledge of the molecular biology of PDE, including the 
performed in vitro experiments, and larger clinical trials. 
While there are a few data to be reported in the field of 
asthma, the experience in COPD is even more scarce and 
larger clinical trials are just about to begin. 

Barber studies with selective PDE3 inhibitors such as 
milrinone, have demonstrated that those drugs induce short- 
lived bronchodilation and some minor degree of protection 
against induced bronchoconatriction [97,98]. These com- 
pounds, which were developed as cardiotonic agents on the 
basis of their profound effects in the cardiovascular system 
[99], produced marked side effects, such as tachycardia, 
hypotension, and headache [97,98], and appeared unlikely 
to be of benefit in the therapy of obstructive lung diseases. 

A preliminary and early report of the actions of a weak 
selective PDB4 inhibitor, tibenelast (LY 186,655), described 
a slight and statistically nonsignificant increase in baseline 
forced expiratory volume in 1 s (FEVj) in asthmatic subjects 
[100], while clinical trials which were performed with the 
PDE5 selective inhibitor zaprinast showed that oral adminis- 
tration of the compound reduced exercise-induced broncho- 
constriction in adult asthmatics. Surprisingly, in the some 
studies the drug had no effect on histamine-induced broncho- 
constriction in the same subjects [101], nor did it affect 
exercise-induced bronchoconstriction in children [102]. 

Further clinical data were obtained with dual PDE3/4 
selective inhibitors, but the results obtained with drugs 
such as zardaverine and benafentrine were inconclusive. 



Inhalation, but neither oral nor intravenous application, of 
benafentrine by normal volunteers resulted in bronchodila- 
tion [103J. Zardaverine produced a modest and short-lived 
bronchodilation in a small group of 12 asthmatic patients, 
which was significant only during the first hour after 
administration (Figure 4a). The drug was given by inhala- 
tion and patients inhaled 1.5 mg of zardaverine four times at 
15-min intervals [104]. 

Recently, the efficacy and safety of a novel selective 
PDE4 inhibitor, SB 207,499 (Ariflo*™), in asthma was 
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Fig* 4, Effect of the dual PDE3/4 inhibitor zardaverine on baseline 
lung function in patients with (a) bronchial asthma [104] and (b) 
COPD [107]. Compared with placebo, zardaverine given by 
inhalation produced modest bronchodilation in asthmatic patients 
(a), whereas no effect on lung function was observed in patientfi 
with COPD (b). FBV,, forced expiratory volume in 1 s. 
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explored in a 6-week placebo-controlled dose-ranging study 
in patients taking concomitant inhaled corticosteroids. 
Three hundred and three patients were Treated with oral 
SB 207.499 at dosages of 5, 10. or 15 mg b.i.d., or placebo, 
for 6 weeks* In patients receiving 15 mg b.i.d., there was a 
160-mL mean difference in trough FEVj compared with 
placebo at the end of the study, which did not quite reach 
statistical significance. The increase in trough FEV, was 
evident at week 1 and was significantly different from 
placebo at week 2 (mean difference 210 mL; P = 0.006), 
Trends for improvements were also seen for other pulmon- 
ary function tests, including PEFR and FEF^^j. Interest- 
ingly, the effects of SB 207.499 on FEV, and PEFR were 
greater in patients taking less inhaled steroids. 

A double-blind, placebo-controlled study has been made 
of another potent, selective PDE4 inhibitor. CDP840. which 
showed a suppression of late reactions to inhaled allergen 
after 9,5 days' oral administration. The late reaction, mea- 
sured as area under the curve, was inhibited by 30% in a 
group of 14 asthmatics with no effect on the early response 
to allergen (Figure 5). Interestingly, two other studies 
performed in parallel demonstrated that this drug given 
orally at doses of 15 and 30 mg had no effect on baseline 
lung function or histamine-induced bronchoconstriction in 
patients with asthma [105]. 

Clinical data in COPD 

Information from clinical trials with isoerizyme-selective 
PDE inhibitors in patients with COPD is still very limited. 
At this time only very few published data exist on the 
treatment of COPD with selective PDE inhibitors, while 
several larger studies are being performed at present. 




Fig, 5. Effect of the selective phosphodiesterase 4 inhibitor 
CDP840 on allergen responses in patients with bronchial asthma 
[105], In asthmatic patients the late-phase response of allergen- 
induced bronchoconstriction was suppressed after 9.5 days of 
treatment with CDP840 (closed circles) as compared with placebo 
(open circles). No difference was found between CDP840 and 
placebo regarding baseline lung function or the early phase 
response to allergen. Responses to allergen were expressed as the 
percentage of fall in FEVi over the 8-h period following exposure. 
Values are given as mean ±SEM. AFBV,, change in forced 
expiratory volume in 1 s; %, per cent of baseline FEV,, 



Pulmonary hypertension is observed in patients with 
severe COPD and oral administration of the selective 
PDB3 inhibitor, milrinone, decreases mean pulmonary 
artery pressure under clinical conditions [106]. Further- 
more, the selective PDE3 inhibitor, enoximone (MDL 
17043), was shown to reduce pulmonary hypertension and 
airway resistance in patients hospitalized with decompen- 
sated COPD [97]. The fact that selective PDE3 inhibitors 
are able to exhibit these effects is in accordance with in vitro 
findings demonstrating that selective inhibition of PDE3 
and 5, or combined inhibition or PDE 3 and 4 or 3 and 5, 
exerted relaxation of pulmonary artery rings, corresponding 
broadly to the pattern of PDE isozymes found in the 
pulmonary artery smooth muscle [49]. Selective PDE3 
inhibition by motapizone, and PDE5 inhibition by zaprrnast, 
decreased pulmonary artery pressure to the same extent, 
whereas PDE4 inhibition was less effective. Although these 
in vitro data suggested a marked effect of PDE3/4 and most 
notably PDE3/5, no studies with these combinations have so 
far been reported. 

In a randomized, double blind and placebo-controlled 
phase n clinical trial, 10 patients with chronic airflow 
obstruction were investigated to assess the effect of the 
dual PDE3/4 inhibitor zardaverine [107]. The study medi- 
cation was given by MDI at three different doses and the 
effect on FEV, measured by spirometry was assessed at 
10-min intervals for the first hour, and at 30-min intervals 
for 3 h after medication. In contrast to the findings obtained 
in patients with bronchial asthma, the inhalation of zarda- 
verine had no bronchodilatory effect in these patients with 
COPD, although it was demonstrated in the same study that 
the subjects responded to inhalation of 300 pg salbutamol 
with a significant increase in forced expiratory volume 
(Figure 4b). 

The selective second-generation PDE4 inhibitor, Ari- 
flo™ (SB 207,499), is currently under investigation also 
as a potential therapy for obstructive lung disease. Hie first 
study performed by Murdoch et al. [108] was a randomized 
double-blind, placebo-controlled, parallel group study to 
assess the safety and tolerability of single and repeat oral 
doses of SB 207,499. At doses up to and including 15mg 
b.i.d. this PDE4 inhibitor was safe and well tolerated; 
however, at a dose of 20 mg given as a single, dose, relevant 
side effects such as nausea and vomiting occurred. 

The efficacy and safety of SB 207,499 in COPD was then 
evaluated in a randomized, placebo-controlled study [109]. 
Four hundred and twenty-four patients with COPD were 
randomized to receive Ariflo™ at dosages of 5, 10, or 15 mg 
b.i.d., or placebo, for 6 weeks. Patients in this trial had 
moderate to severe airflow obstruction with an FEVj at 
baseline of 46.8% predicted normal, and a FEV^FVC ratio 
of 55%. Notably, they were only partially reversible with a 
mean acute responsiveness to salbutamol of 5.4%, and had a 
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mean smoking history of 39.7 pack years. In the group of 
patients receiving Ariflo™ 15 mg b.i.d., a progressive 
improvement in trough clinic FEVj was observed; begin- 
ning in 1 week and reaching a maximum mean difference 
compared with placebo of 160mL (P< 0.001) at week 6, 
representing an 11% improvement Similar trends were 
observed for trough FVC and PEFR, with maximum mean 
differences compared with placebo observed at week 6 of 
190mL (/><0.001) and 34.lL/min (P<0.001). respec- 
tively. In addition, consistent improvements relative to 
placebo were observed for the 15 mg b.i.d. dose in exer- 
tional dyspnoea, rescue bronchodilator use, and resting and 
postexerciso SaOi- 

Conclusions 

The importance of PDE in the regulation of cell function is 
increasingly recognized, and in the past this has led to 
several programmes of synthesis of novel PDE inhibitors 
— of varying isoenzyme selectivity - as potential anti- 
asthma drugs. Data from clinical trials with the first selec- 
tive drugs have been disappointing and have tempered the 
expectations considerably, since these drugs had limited 
efficacy and their use was significantly limited through side 
effects. The improved understanding of the molecular 
biology of PDBs together with a continued effort to speci- 
fically target novel drugs to improve the risk/benefit ratio 
has now resulted in second-generation drugs that have 
produced more promising clinical results that seem to justify 
the wide research efforts in the past Probably even more 
importantly* selective inhibitors of PDE4 are now also 
under clinical investigation for COPD and the results so 
far are promising that this class of drug may add to the 
therapy of chronic airflow obstruction. If confirmed in larger 
and more detailed trials this may turn out to bo of particular 
importance, since the existing drug therapy, including 
steroids, has so far failed to alter significantly the course 
of the disease in chronic treatment. 

References 

1 Serann WE. Drugs used in the treatment of asthma. In: 
Hardman JO, Limbird LE, Molinoff PB t Ruddon RW ( 
Gilroan AG (cds). Goodman and GJlman's The Pharmacological 
Baais of Therapeutics. New York: McGraw-Hill, 1996:659-82, 

2 Expert Panel Report 2. Guidelines for the Diagnosis and 
Management of A6thma 97-4051. National Institutes of 
Health. Notional Asthma Education and Prevention Program 
1997 . 

3 Dent G, Giembycz MA. Selective phosphodiesterase inhibitors 
in tho therapy of asthma. Clin Immunother 1995; 3:423-37. 

4 Giembycz MA, Corrigan CJ, Seybold J» Newton R, Barnes PJ. 
Identification of cyclic AMP phosphodiesterases 3, 4 and 7 in 
human CD4H- and CDS-f T-lymphocytes: role in regulating 



proliferation and the biosynthesis of interleukin-2. Br J 
Pharmacol 1996; 118:1945-58. 

5 Giembycz MA, Dent G. Sounes* JE. Theophylline and iao- 
enzymo-selective phosphodiesterase inhibitors. In: Kay AB 
(ed). Allergy and Allergic Diseases. Oxford; BlacJcwell 
1997:53 1-67. 

6 de Boer J. Philpott AJ. van Amsterdam GM ct.al. Human 
bronchial cyclic nucleotide phosphodiesterase isoenzymes: 
biochemical and pharmacological analysis using selective 
inhibitors. Br J Pharmacol 1992; 106:1028-34. 

7 Rabe KF, Tenor H, Dent G et al. Phosphodiesterase isozymes 
modulating inherent tone in human airways: identification and 
characterization. Am J Physiol 1993; 264:L458~L464. 

8 Beavo JA. Multiple isozymes of cyclic nucleotide phospho- 
diesterase. Adv Second Messenger Phosphoproiein Res 1988- 
22:1-38. 

9 Beavo JA. Cyclic nucleotide phosphodiesterases; functional 
implications of multiple isoforms. Physiol Rev 1995: 75:725- 
48. 

10 Conti M. Nemoz G. Scttc C, Vicini B. Rccont progress in 
understanding tho hormonal regulation of phosphodiesterases. 
Endocrine Rev 1995; 16:370-89. 

1 1 Loughney K, Ferguson K. Identification and quantification of 
PDE isoenzymes and subtypes by molecular biological meth- 
ods. In: Schudt C, Dent Q % Rabe KF (eds). Phosphodiesterase 
Inhibitors. London: Academic Press, 1996:1-19. 

12 Torphy TJ. Phosphodiesterase isozymes. Molecular targets 
for novel anti-asthma ngonts. Am J Reepir Crit Car© Med 
1998; 157:351-70. 

13 SodertJng SH. Bayuga SJ, Beavo JA. Cloning and character- 
ization of a cAMP-specific cyclic nucleotide phosphodiester- 
ase Proc Natl Acad Sci USA 1998; 95:8991-6. 

14 Baevo JA. Cyclic nucleotide phosphodiesterase; functional 
implications of multiple isoforms. Physiol Rev 1995; 75:725- 
48. 

15 Schneider UH, Sehmicchcn R, Brezinski M, Seidler J. Stereo- 
specific binding of the antidepressant rolipram to brain 
protein structures. Bur J Pharmacol 1986; 127:115. 

16 Muller T, Engels P, Fozard JR. Subtype* of the type 4 cAMP 
phosphodiesterases: structure, regulation and selective inhibi- 
tion. Trends Pharmacol Sci 1996; 17:294-8. 

17 Hughes B. Owens R, Perry M. Warrellow Q % Allen R, PDE-4 
inhibitors: the use of molecular-cloning in the design and 
development of novel drugs. Drug Discov Today 1997; 2:89- 
101. 

1 8 Souness J-B, Rao S. Proposal for pharmacologically distinct 
conforrncrs of PDE4 cyclic-AMP phosphodiesterases. Cell 
Signal 1997; 9:227-36. 

19 Barnette MS, Chriatenscn SB. Underwood DC, Torphy TJ. 
Phosphodiesterase 4: biological underpinnings for the design 
of improved inhibitors. Pharmacol Rev Cormnun 1996; 8:65- 
73., 

20 Jacobitz S, McLaughlin MM, Livi GP, Burman M, Torphy TJ. 
Mapping the functional domains of human recombinant 
phosphodiesterase 4A: structural requirements for catalytic 
activity and rolipram binding. Mol Pharmacol 1996; 50:891- 
9. 



C 1999 Blaekwall Seteaee Ltd, Clinical and Experimental Allergy. 29, Supplement 2, 99-109 



Ob-03-i / ;i l ;Htit3¥lIlR)SKBt» 



I.S. I Nl ERNAT I ON A L ;0 3 3 2 9 6 83 3 2 # 23/ 25 

Selective phosphodiesterase inhibitors 107 



21 Bngols P, Sullivan M, Mullcr T, Lubbert H. Molecular 
cloning and functional expression in yeast of a human 
cAMP-specifk phosphodiesterase subtype (PDE IV-Q, 
FEBS Lett 1995; 358:305-10. 

22 Engels P, Fiehiel K, Lubbert H. Expression and regulation of 
human and rat phosphodiesterase type IV iaogenes. FEBS 
Lett 1994; 350:291-5. 

23 Dent G, Giembycz NM. Phosphodiesterase inhibitors: Lily 
the Pink's medicinal compound for asthma? Thorax 1996; 
51:647-9. 

24 Dent O, Magnussen H, Rabe KF. Effects of protein kinase C 
Inhibition on PAF-induccd respiratory bunt in human eosi- 
nophils. Bur Respir J 1995; 8:10s (abstract). 

25 Tenor H, Schudt C. Analysis of PDE isoenzyme profiles In 
cella and tissues by pharmacological methods. In: Schudt C, 
Dent G, Rabe KF (eds). Phosphodiesterase Inhibitors. 
London: Academic Press, 1996:21-40. 

26 Tenor H, Staniciu L. Schudt C et al. Cyclic nucleotide 
phosphodiesterases from purified human CD4+ and CD8-4- 
T lymphocytes. Clin Exp Allergy 1995; 25:616-24. 

27 Ganmer P, Kupferschrnidt R, Schudt C> Wendel A« Hatzci- 
mann A. In vitro differentiation of human monocytes to 
macrophages: change of PDE profile and its relationship to 
suppression of tumour necrosis factor-cr release by PDE 
inhibitors. Br J Pharmacol 1997; 121:221-31. 

28 Liechtenstein Uvt, Margolis S. Histamine release in vitro: 
inhibition by catecholamines and methylxanthincs. Sci 1968; 
161:902-5. 

29 MacGlashan DW Jr, Schleimer RP. Peters SP et al. Compara- 
tive studies of human basophils and roast cells. Fed Proc 
1983; 42:2504-9. 

30 Mary D, Aussel C, Fcrrua B, Fchimann M. Regulation of 
interleuldn 2 synthesis by cAMP in human T cells. J Immunol 
1987; 139:1179-84. 

31 Lemer A, Jacobson B, Miller A. Cyclic AMP concentrations 
modulate both calcium flux and hydrolysis of phoephatidyli- 
nositol phosphates in mouse T lymphocytes. J Immunol 1988; 
140:936-40. 

32 Cooper KD, Knng K, Chan SC, Hanifin JM. Phosphodiester- 
ase inhibition by Ro 20-1724 reduces hyper-IgE synthesis by 
atopic dermatitis cells m vrrro. J Invest Dermatol 1985; 
84:477-82. 

33 Calhoun WJ, Stevens CA, Lambert SB. Modulation of super- 
oxide production of alveolar macrophages and peripheral 
blood mononuclear colls by 0-agonists and theophylline. I 
Lab Clin Med 1991; 117:514-22. 

34 Baker AJ, Fuller RW, Effect of cyclic adenosine monopho- 
sphate, S'-CN-cthylcorboxwnido^adcnosine and methyl- 
xanthincs on the roloaso of thromboxane and lysosomal 
enzymes from human alveolar macrophages and peripheral 
blood monocytes in vitro. Eur J Pharmacol 1992; 211:157- 
61. 

35 Dent G, Giembycz MA, Rabe KF et al. Theophylline sup- 
presses human alveolar macrophage respiratory burst through 
phosphodiesterase inhibition. Am J Respir Coll Mol Biol 
1994; 10:565-72. 

36 Souness JB, Carter CM, Diocee BK ct al. Characterization of 



guinea-pig eosinophil phosphodiesterase activity: assessment 
of its involvement in regulating superoxide generation. Bio- 
chem Pharmacol 1991; 42:937-45. 

37 Cohan VL, Johnson KX, Brcslow R, Cheng JB, Showell HJ, 
PDE-IV is the predominant PDE isozyme regulating cbemo- 
tactic factor-mediated guinea pig eosinophil functions in 
vitro, J Allergy Clin Immunol 1992; 89:663 (abstract). 

38 Beivisi MO, Miura M, Peters MJ, et al. Effect of isoenzyme- 
selective cyclic nucleotide phosphodiesterase inhibitors on 
human tracheal smooth muscle tone. Br J Pharmacol 1992; 
107:53P (abstract). 

39 Torphy TJ, Undem BJ, CicsKnaki LB ct al. Identification, 
characterization and functional role of phosphodiesterase 
isozymes in human airway smooth muscle. J Pharmacol 
BxpTber 1993; 26S:1213-23. 

40 Cortijo J, Bon J, Bcleta J et al. Investigation into tho role of 
phosphodiesterase IV in bronchorelaxation, including -studies 
with human bronchus. Br J Pharmacol 1993; 108:568. 

41 Qian Y, Naline E, Karisson J-A, Raebum D, Advenier C. 
Effects of rolipram and siguazodan on the human isolated 
bronchus and their interaction with isoprenalinc and sodium 
nitroprusside. Br J Pharmacol 1993; 109:774-8. 

42 Panettieri RA, Cohen MD, Dilgcn G. Airway smooth muscle 
cell proliferation is inhibited by microinjection of the catalytic 
subunit of cAMP dependent protein kinase. Am Rev Respir 
Dis 1993; 147:A252 (abstract). 

43 Panettieri RA, Rubinstein NA, Feuerstein B, Kotlikoff MI. 0- 
adrenergic inhibition of airway smooth muscle cell prolifera- 
tion. Am Rev Respir Dis 1991; 143:A608 (abstract). 

44 Tomlinson PR. Wilson JW, Stewart AG. Salbutamol inhibits 
the proliferation of human airway smooth muscle cells grown 
in culture: relationship to elevated cAMP levels. Biochem 
Pharmacol 1995; 49:1809-19. 

45 Tomlinson PR, Wilson JW, Stewart AG. Inhibition by Aalbu- 
lamol of the proliferation of human airway smooth muscle 
cells grown in culture. Br J Pharmacol 1994; 11:641-7. 

46 Dunnil MS, Massarella GR, Anderson JA. A comparison of 
the quantitative anatomy of the bronchi in normal subjects, in 
status asthmaticus, in chronic bronchitis, and in emphysema. 
Thorax 1969; 24:176-9. 

47 Kuwano K, Boskon CH, Pare PD ct al. Small airways 
dimensions in asthma and chronic obstructive pulmonary 
disease. Am Rev Respir Dis 1993; 14 g: 1220-5. 

48 Soune$s JE, Hassall GA, Parrott DP. Inhibition of pig aortic 
smooth muscle cell DNA synthesis by selective type HI and 
type IV cyclic AMP phosphodiesterase inhibitors. Biochem 
Pharmacol 1992; 44:857-66. 

49 Rabe KF, Tenor H, Dent G et al. Identification of PDE 
isozymes in human pulmonary artery and the effect of 
selective PDE inhibitors. Am J Physiol 1994; 266 (LCMP 
10):L536-L543. 

50 Ghio R, Scordamaglia A, D'Bha P et al. Inhibition of the 
colony-forming capacity of human T- lymphocytes exerted by 
theophylline. Int J Immunopharmncol 1988; 10:299-302. 

51 Scordamaglia A, Ciprandi G, Ruffoni S er al. Theophylline 
and the immune response: in vitro and in vivo effects. Clin 
Immunol Immunopathol 1988; 48:238-46. 



O 1999 BUckwell Science Ltd, Clinical and Experimental Allergy, 29, Supplement 2, 99-109 



ub-03-1 / ;n :ab ; tMMSii (RJ mum 



I. S. INIbKNAI IONAL ;03 3296 8332 



# 24/ 25 



108 D. Schmidt, G. Dent and K. F. Rabe 



SI Zocchi MR, Pardi R, Gromo G ct al. Theophylline induced 
non specific suppressor activity in human periphera] blood 
lymphocytes. J Immunopharmaco! 1985; 7:217-34.. 

53 Shohat B, Sbapira Z, Joshua H, Servadio C Lack of supptes- 
sor T cells in renal transplant recipients and activation by 
arninophylline. Thymus 1983; 5:67-^77. 

54 Fink Q, Mittclman M, Shohat B, Spitzcr SA. Tfccophylline- 
indueed alterations in cellular immunity in asthmatic patients 
Clin Allergy 1987; 17:313-6. 

55 Pricur AM, Granger GA. The effect of agents whleh modulate 
levols of the cyclic nucleotides on human lymphotoxin secre- 
tion and activity In vitro. Transplantation 1975; 20:331-7. 

56 Weston MC P Anderson N, Peacheil PT. Effects of phospho- 
diesterase inhibitors on human lung mast cell and basophil 
function. Br J Pharmacol 1997; 121:287-95. 

57 Anderson N. Peacheil PT. Effect of isoenzyme-aelccrive 
inhibitors of phosphodiesterase (PDE) on human lung mast 
cells (HLMC). FASRB 1 1994; 8:A239 (abstract). 

58 Louis R, Bury Th, Corhay JL, Radcrmecker MLY. 18665, a 
phosphodiesterase inhibitor, inhibits histamine release from 
human basophils, lung and skin fragments. Int J Immuno- 
phannacol 1992; 14:191-4. 

59 Nielson CP, Vestal RE, Sturm RJ, Heaadp R. Effects of 
selective phosphodiesterase inhibitors on the polymorpho- 
nuclear leukocyte respiratory burst J Allergy Clin Immunol 
1990; 86:801-8. 

60 Wright CD, Kuipers PJ. Kobylarz Singer D et al. Differential 
inhibition of human neutrophil functions: role of cyclic AMP- 
spedflc, cyclic GMP-insenaitive phosphodiesterase. Biochem 
Pharmacol 1990; 40:699-707. 

61 Schudt C, Winder S, Fordcrkunz S, Hatzelmann A, Ullrich V. 
Influence of selective phosphodiesterase inhibitors oft human 
neutrophil function and levels of cAMP and Cai. Naunyn 
Schmiedcbcrgs* Arch Pharmacol 1991; 344:682-90. 

62 a] Bssa LY, Niwa M, Kohno K, Nozaki M, Tsurumi KL 
Heterogeneity of circulating and exudated polymorphonuc- 
lear leukocytes in supcroxide-geaerating responses to cyclic 
AMP and cyclic AMP-elevating agents: investigation of the 
underlying mechanism. Biochem Pharmacol 1995; 49:315- 
506, 

63 Ottonello L» Morono MP, Dapino P f Dallcrgri P. Cyclic AMP- 
elevating agents down-regulate tho oxidative burst induced by 
granulocyte-macrophage colony-stimulating factor (GM- 
CSP) in adherent neutrophils, Clin Bxp Immunol 1995; 
101:502-6. 

64 Ottonello L, Moronc MP. Dapino P, Dallergri F. Tumour 
necrosis factor alpha-induced oxidative burst in neutrophils 
adherent to fibronectin: effects of cyclic AMP-elevating 
agents. Br J Haematol 1995; 91:566-70. 

65 Bamette MS, O'Leary Bartus J. Burman Metal, Suppression 
of inflammatory cell activation by phosphodiesterase IV 
inhibitors Can be associated with either inhibition of PDE 
IV catalytic activity or competition for (3H]-rolipram bind- 
ing. Biochem Pharmacol 1996; 51:949-56. 

66 Nourshargh S, Houlc IRS, Inhibition of human neutrophil 
degranulution by forskolin in the presence of phosphodiester- 
ase inhibitors. Eur J Pharmacol 1986: 122:205-12, 



67 Bamelta MS, Christcnson SB, Bssayan DM et al, SB 207499 
(Ariflo > a potent and selective second generation phospho- 
diesterase 4 inhibitor in vitro anti-inflammatory actions J 
Pharmacol Exp Thcr 1998; 284:420-6. 

68 Dcrian CK, Santulli RJ, Rao PE. Solomon MF, Barrett Ja. 
Inhibition of chemotactic poptide-indueed neutrophil adhe- 
sion to vascular endothelium by cAMP modulators. J Immu- 
nol 1995: 154:308-17. 

69 Condino-Neto A, Vilela MM, Cambiucci EC et al. Theophyl- 
line therapy inhibits neutrophil and mononuclear cell chemo- 
taxis from chronic asthmatic children. Br J Clin Pharmacol 
1991; 32461. 

70 Dent G. Giembyez NIA, Rabo KF, Barnes PJ. Suppression of 
human eosinophil respiratory burst and cyclic AMP hydro- 
lysis by inhibitors of type IV phosphodiesterase: interaction 
with the beta adrenoceptor agonist albuterol. J Pharmacol Bxp 
Ther 1994:271:1167-74. 

71 Cohan VL. Showell HJ, Fisher DA et al. In vitro pharmacoK 
ogy of the novel phosphodiesterase type 4 inhibitor, CP 
80633. J Pharmacol Exp Ther 1996; 278:1356-61. 

72 Kaneko T, Alvarez R, Uelri IF, Nadel JA. Elevated intra co l- 
lular cyclic AMP inhibits cbemotaxis in human eosinophils. 
Cell Signal 1995; 7:527^34. 

73 Hatzelmann A, Tenor H. Schudt C. Differential effects of non- 
selective and selective phosphodiesterase inhibitors on human 
eosinophil function. Br J Pharmacol 1995; 114:821-31. 

74 Yukawa T, Krocgel C, Chanez P et al. Effect of theophylline 
and adenosine on eosinophil function. Am Rev Rcspir Dis 
1989; 140:333. 

75 Schmeichel CJ, Thomas LL. Methylxanthinc bronchodilators 
potentiate multiple human neutrophil functions. J Immunol 
1987; 138:1903. 

76 Ohm K, Sawamoto S, Nakajima M ct al. The prolonged 
survival of human eosinophils with interleukin-5 and its 
inhibition by theophylline via apoptoai*. Clin Bxp Allergy 
1996; 26 (Suppl. 2>:10-5. 

77 Tenor H. Hatzelmann A, Church MK, Schudt C, Shute JK. . 
Effects of theophylline and rolipram on leukotriene C A 
(LTC<) synthesis and chemotaxis of human eosinophils 
from normal and atopic subjects. Br J Pharmacol 1996; 
118:1727-35. 

78 Church MK, Featheratone RL, Cushley Ml, Mann JS, Holgatc 
ST. Relationships between adenosine, cyclic nucleotides, 
and xanthines in asthma. J Allergy Clin Immunol 1986; 
78:670^5. 

79 Howell RE, Muehaam WT, Kinnier WJ. Mechanism for the 
emetic side effect of xanthine bronchodilators. Life Set 1990; 
46:563-8. 

80 Sullivan P, Page CP. Costello JF, Xanthines. In: Page CP, 
Metzger WJ (cds). Drugs and the Lung. New York: Raven 
Press. 1994:69-99. 

81 Lubbe WF, Podzuwcit T, Opie LH. Potential arrhythmogenie 
role of cyclic adenosine monophosphate (AMP) and cytosoHc 
calcium overload: implications for prophylactic effects of 
beta-blockers in myocardial infarction and proarrhythmic 
effects of phosphodiesterase inhibitors. J Am Coll Cardiol 
1992; 19:1622-33. 



© 1999 Dlackwcll Sclanca Ltd, Clinical and Experimental AUer$y, 29. Supplement 2, 99-109 



0 8- 0 3 -17:11 :35 ; dHSU (K) mm 



T. S. INTERNATIONAL ;03 3296 8332 # 25/ 25 

Selective phosphodiesterase inhibitors 1 09 



82 Esquivel M, Burna RJ. Ogilvio RI. Cardiovascular effects of 
enptofyilinc and theophylline, Clin Pharmacol Ther 1986; 
39:395-402. 

83 Sigurd B, Oleeen KH. Comparative natriuretic and diuretic 
efficacy of theophylline emylenedianunc and of bendroflu- 
methiazide during long-term treatment with the potent diure- 
tic bumetanide. Acta Med Scand 1978; 203:1 13-9. 

84 PalrYcyman NIN. Phosphodiesterase type IV inhibitors as 
anti-inflammatory agents. Drugs Fut 1595; 20:793-804. 

85 Barnette MS* Grous M. Cieslinski LB et al. Inhibitors of 
phosphodiesterase IV (PDE IV) increase acid secretion in 
rabbit isolated gastric glands: correlation between function 
and interaction with a high-affinity rolipram binding site. J 
Pharmacol Bxp Uier 1995; 273:1396^402. 

86 Hood WB, Controlled and uncontrolled studies of phospho- 
diesterase m inhibitors in contemporary cardiovascular med- 
icine. Am J Cardiol 1989; 63:46A-53A. 

87 Colucci WS, Wright KF, Braunwald E. New positive ino- 
tropic agents in the treatment of congestive heart failure. 
Mechanisms of action and recent clinical developments. N 
Engl J Med 1986; 3 14:349-58. 

88 NeccarelK GV, Goldstein RA. Electrophysiology of phospho- 
diesterase inhibitors. Am J Cardiol 1989; 63:35A-40A. 

89 Muller B, Lugnier C. Stoclet J-C. Involvement of rolipram- 
scnBitive cyclic AMP phosphodiesterase in the regulation of 
cardiac contraction. J Clin Path 1990; 16:796-803. 

90 Horowskl R, Sa*tre-Y-Hemandez M. Clinical effects of the 
neurotropic selective cAMP phosphodiesterase inhibitor roli- 
pram in depressed patients: global evaluation of the prelimin- 
ary reports, Curr Ther Res 1985; 38:23-9. 

91 Dnplantiet AJ, Biggcrs MS. Chambers RJ ot aL Biarylcar- 
boxylic acids and amides: inhibition of phosphodiesterase 
type TV versus [3H]rotipram binding activity and their rela- 
tionship to emetic behaviour in the ferret J Med Chem 1996; 
39:120-5. 

92 Underwood DC, Osborn RR. Novak LB et al. Inhibition of 
antigen-induced brouchoconstriction and eosinophil infiltra- 
tion in tho guinea-pig by the cyclic AMP-spccific phospho- 
diesterase inhibitor, rolipram. J Pharmacol Exp Ther 1993; 
266:306-13. 

93 Gozzard N. Herd CM. Blake SM et al. Effects of theophylline 
end rolipram on antigen-induced airway responses in neo- 
natolly immunized rabbles. Br J Pharmacol 1996; 117:1405- 
12. 

94 Underwood DC. Osborn RR. Bochnowicz S, Hay DWP, 
Torphy TJ. The therapeutic activity of SB 207499 (Ariflo™), 
a second generation phosphodiesterase 4 (PDE4) inhibitor, is 
equivalent to that of prednisolone in models of pulmonary 
inflammation. Am J Respir Crit Care Med 1998; 157:A827 
(abstract). 

95 Black EW, Seradn SJ, Thompson WJ. Relationships between 
sccretagogue-induced cAMP accumulation and acid secretion 



in elutriated rat gastric parietal cells, J Pharmacol Methods 
1988; 20:57-78 (abstract). 

96 Leff JA, Repine JE. Neutrophil-mcdiated tissue injury. In: 
Abramson JS, Wheeler JG (eda). The Neutrophil. New York: 
IRL Press (Oxford University Press), 1993:229-62. 

97 Leemon M, Lejeune P, Melot C, Nacijc R. Reduction in 
pulmonary hypertension and in airway resistances by enox- 
imono (MDL 17,043) i n decompensated COPD. Chest 1987; 
91:662-6. 

98 Pujimura M, Kamio Y. Saito M, Hashimoto T, Matsuda T. 
Bronchodilator and bronchoprotective effects of cilostazol in 
humans in vivo. Am J Respir Crit Care Med 1995; 151:222-5. 

99 Komas N, Movseaian MA, Kedev S et al. cAMP-inhibited 
phosphodiesterase (PDE3). In: Schudt C. Dent G. Rabe KP 
(cds). Phosphodiesterase Inhibitors. London: Academic Press, 
1996:89-109. 

100 Israel E. Mthur PN. Tashktn D, Drazen JM. LY1 86655 
prevents bronchospasm in asthma of moderate soverity. 
Chest 1988; 94:7IS-71S (abstract). 

101 Rudd RM. Gellert AR, Sfuddy PR, Gcddos DM. Inhibition of 
exercise-induced asthma by an orally absorbed mast cell 
stabiliser (M&B 22,948). Br J Die Cheat 1983; 77:78-86. 

102 Reiser J, Yeang Y, Warner JO. The effect of zaprinast (M&B 
22,948, an orally absorbed mast cell stabilizer) on exercise- 
induced asthma in children. Br J Dis Chest 1986; 80:157-63. 

103 Pouter RW, Jubber AS. Bronchodilator effectiveness of oral 
NIKS 492 assessed in normal human subjects. Br J Clin 
Pharmacol 1992; 33:239P (abstract). 

104 Brunce T, Engolstdtter R, Steinijons VW, Kunkel W. Bronch- 
odilatory effect of inhaled zardaverine, a phosphodiesterase 
HI and IV inhibitor, in patients with asthma. Eur Respir J 
1992; 5:982-5 (abstract). 

105 Harbinson PL, MacLeod D, Hawksworth Ret a]. Tlie effect of 
a novel orally active selective PDE4 isoenzyme inhibitor 
(CDP840) on allergen-induced responses in asthmatic sub- 
jects. Eur Respir J 1997; 10:1008-14, 

106 Harris MN, Dabom AK, O'Dwyer JP. Milrinone and the 
pulmonary vascular system. Eur J Anacsthcsiol 1992; 5:27- 
30. 

107 Ukena D, Rentz K, Reibcr C, Sybrecht GW. Effects of the 
mixed phosphodiesterase HI/TV inhibitor, zardaverine, on 
airway function in patients with chronic airflow obstruction. 
Respir Med 1995; 89:441-4. 

108 Murdoch RD. Cowley H. Upward I, Webber D, Wyld P. The 
safety and colerabiliry of Ariflo™ (SB 207499)* a novel & 
selective phosphodiesterase 4 Inhibitor, in healthy mole 
volunteers. Am J Respir Crit Care Med 1998; 157:A409 
(abstract). 

109 Compton CH. Cedar E, Nieman R-B et al. Ariflo™ improves 
pulmonary function in patients with asthma: Results of a 
study in patients taking inhaled corticosteroids. Am J Respir 
Crit Care Med 1999; 159: (in press). 



O 1999 Bloekwell Science Ltd. Clinical and Experimental Allergy* 29. Supplement 2. 99-109 



